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Hepatitis E virus (HEV) is an emerging cause of acute and chronic hepatitis in immunocompromised patients in Europe. We
report the genome sequence of a genotype 3e HEV from a chronically infected kidney transplant recipient in southeastern
France, the second HEV genome sequence from a transplant recipient and the first of subtype 3e.
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Hepatitis E virus (HEV) was first described in 1983 in Russiafollowing investigation of a hepatitis outbreak in a Sovietmil-
itary camp in Afghanistan (1), and the first genome sequence was
described in 1991 (2, 3). Four genotypes and 24 subtypes were
defined (4). Genotypes 1 and 2 are anthroponotic only and circu-
late in developing countries, whereas genotypes 3 and 4 circulate
in humans and mammals, mostly swine (5, 6). HEV-3 is the ma-
jority genotype inWestern developed countries, where hepatitis E
was considered until recently as imported from areas of hyperen-
demicity, but it turned out that most cases are autochthonous (5,
6). Moreover, the existence of a porcine reservoir and foodborne
transmission were demonstrated for genotypes 3 and 4 HEV (6–
8). Southern France has been identified as an area of hyperende-
micity (5). HEV RNA was detected there in pig liver sausages,
which can transmitHEVwhen eaten uncooked (5, 6, 9–11). In our
geographical area, southeastern France, HEV infection is of par-
ticular concern in kidney transplant recipients, among whom the
estimated incidence was 1.2% or higher and the progression rate
to chronic infection was 80% (12).
In 2009, HEV RNA of genotype 3e was obtained from a 46-
year-old French kidney transplant recipient followed up for his
graft in our institution. This patient received a first kidney trans-
plant in 2004 and presented clinically with a silent acute HEV
infection in 2009. Diagnosis relied on a moderate increase of liver
enzyme levels and then the detection of anti-HEV IgM/IgG and
HEV RNA in serum (12). The patient ate cooked wild boar meat
during the 9 prior weeks. He recovered 17.5 months later, after
reduction in his immunosuppressive drug dosage.
Viral RNAwas extracted from the patient serum using the EZ1
Virus Minikit v2.0 on the BioRobot EZ1 Workstation (Qiagen,
Courtaboeuf, France). A near full-length genome sequence (7,132
nucleotides) was obtained by reverse transcription-PCR followed
by Sanger population sequencing using 12 sets of primers covering
the HEV genome. Overlapping sequences were assembled manu-
ally and by the CLC bio software (CLC bio) bymapping on closely
related genomes. Phylogeny reconstructions based on the whole-
genome sequence or a fragment of open reading frame (ORF) 2
demonstrated that the HEV genotype was 3e. This genotype was
described in pigs and humans in Japan and Europe (including
France, Spain, the United Kingdom, and Greece) (4) and was in-
volved in a minority of infections in France, including infections
in solid organ transplant recipients (12–14). In our center,
HEV-3e wasmostly detected in other kidney transplant recipients
(12, 15). TheHEVgenome described here is the first of subtype 3e,
and the second overall, recovered from solid organ transplant re-
cipients. The highest nucleotide similarity (89%) was found in
sequences recovered in Germany and Japan from pigs (GenBank
accession numbers FJ998015 and AB248520, respectively), while
the closest HEV genome recovered from a human was from a
Japanese patient (AB291958). Coding regions corresponding to
ORFs 1, 2, and 3 were found to encode peptides of 1,696, 617, and
122 amino acids, respectively. Continuing HEV surveillance in
human and animal reservoirs is critical to gain a better knowledge
of the diversity and epidemiology of this virus.
Nucleotide sequence accession number. The sequence is
available in GenBank under accession no. KF922359.
ACKNOWLEDGMENTS
This research was conducted by the authors as part of their duties.
No funding was received for this project.
REFERENCES
1. Balayan MS, Andjaparidze AG, Savinskaya SS, Ketiladze ES, Braginsky
DM, Savinov AP, Poleschuk VF. 1983. Evidence for a virus in non-A,
non-B hepatitis transmitted via the fecal-oral route. Intervirology 20:
23–31. http://dx.doi.org/10.1159/000149370.
2. Reyes GR, Purdy MA, Kim JP, Luk KC, Young LM, Fry KE, Bradley
DW. 1990. Isolation of a cDNA from the virus responsible for enterically
transmitted non-A, non-Bhepatitis. Science 247:1335–1339. http://dx.doi
.org/10.1126/science.2107574.
3. Tam AW, Smith MM, Guerra ME, Huang CC, Bradley DW, Fry KE,
Reyes GR. 1991. Hepatitis E virus (HEV):molecular cloning and sequenc-
ing of the full-length viral genome. Virology 185:120–131. http://dx.doi
.org/10.1016/0042-6822(91)90760-9.
Genome AnnouncementsJanuary/February 2014 Volume 2 Issue 1 e01156-13 genomea.asm.org 1
 o
n
 April 18, 2018 by guest
http://genom
ea.asm
.org/
D
ow
nloaded from
 
4. Lu L, Li C, Hagedorn CH. 2006. Phylogenetic analysis of global hepatitis
E virus sequences: genetic diversity, subtypes and zoonosis. Rev. Med.
Virol. 16:5–36. http://dx.doi.org/10.1002/rmv.482.
5. Kamar N, Bendall R, Legrand-Abravanel F, Xia NS, Ijaz S, Izopet J,
Dalton HR. 2012. Hepatitis E. Lancet 379:2477–2488. http://dx.doi.org/
10.1016/S0140-6736(11)61849-7.
6. Kaba M, Moal V, Gérolami R, Colson P. 2013. Epidemiology of mam-
malian hepatitis E virus infection. Intervirology 56:67–83. http://dx.doi
.org/10.1159/000342301.
7. Purcell RH, Emerson SU. 2010. Hidden danger: the raw facts about
hepatitis E virus. J. Infect. Dis. 202:819–821. http://dx.doi.org/10.1086/6
55900.
8. Meng XJ, Purcell RH, Halbur PG, Lehman JR, Webb DM, Tsareva TS,
Haynes JS, Thacker BJ, Emerson SU. 1997. A novel virus in swine is
closely related to the humanhepatitis E virus. Proc.Natl. Acad. Sci. U. S. A.
94:9860–9865. http://dx.doi.org/10.1073/pnas.94.18.9860.
9. Berto A, Grierson S, Hakze-van der Honing R, Martelli F, Johne R,
Reetz J, Ulrich RG, Pavio N, van der Poel WH, Banks M. 2013. Hepatitis
E virus in pork liver sausage, France. Emerg. Infect. Dis. 19:264–266. http:
//dx.doi.org/10.3201/eid1902.121255.
10. Colson P, Borentain P, Queyriaux B, Kaba M, Moal V, Gallian P,
Heyries L, Raoult D, Gerolami R. 2010. Pig liver sausage as a source of
hepatitis E virus transmission to humans. J. Infect. Dis. 202:825–834. http:
//dx.doi.org/10.1086/655898.
11. Mansuy JM, Bendall R, Legrand-Abravanel F, Sauné K, Miédouge M,
Ellis V, Rech H, Destruel F, Kamar N, Dalton HR, Izopet J. 2011.
Hepatitis E virus antibodies in blood donors, France. Emerg. Infect. Dis.
17:2309–2312. http://dx.doi.org/10.3201/eid1712.110371.
12. Moal V, Legris T, Burtey S, Morange S, Purgus R, Dussol B, Garcia S,
Motte A, Gérolami R, Berland Y, Colson P. 2013. Infection with hepatitis
E virus in kidney transplant recipients in southeastern France. J. Med.
Virol. 85:462–471. http://dx.doi.org/10.1002/jmv.23469.
13. Legrand-Abravanel F, Mansuy JM, Dubois M, Kamar N, Peron JM,
Rostaing L, Izopet J. 2009. Hepatitis E virus genotype 3 diversity,
France. Emerg. Infect. Dis. 15:110–114. http://dx.doi.org/10.3201/eid
1501.080296.
14. Bouquet J, Tessé S, Lunazzi A, Eloit M, Rose N, Nicand E, Pavio N.
2011. Close similarity between sequences of hepatitis E virus recovered
from humans and swine, France, 2008–2009. Emerg. Infect. Dis. 17:
2018–2025.
15. Moal V, Gerolami R, Colson P. 2012. First human case of co-infection
with two different subtypes of hepatitis E virus. Intervirology 55:484–487.
http://dx.doi.org/10.1159/000335664.
Moal et al.
Genome Announcements2 genomea.asm.org January/February 2014 Volume 2 Issue 1 e01156-13
 o
n
 April 18, 2018 by guest
http://genom
ea.asm
.org/
D
ow
nloaded from
 
